The aim of this study was to investigate the effect of cold storage of Chinese cabbage on the content of glucosinolates (GSLs). High performance liquid chromatography (HPLC) separation method guided to identify and quantify eleven GSLs including six aliphatic (progoitrin, sinigrin, gluconapoleiferin, gluconapin, glucocochlearin and glucobrassicanapin), four indolyl (4-hydroxyglucobrassicin, glucobrassicin, 4-methoxyglucobrassicin and neoglucobrasscin) and one aromatic (gluconasturtiin) respectively. Storage at 4 °C for 72 h, the content of total GSLs were gradually decreased from 13.1 to 7.41 μmol/g dry weight (DW), whereas, approximately 63 and 55% content of aliphatic and indolyl GSLs were reduced. This finding suggests that the nutritional contents of Chinese cabbage, especially GLSs could not be preserved for a long time in the cold storage condition.
Introduction
Vegetables like broccoli, cauliflower, kohlrabi, cabbage, kale, Chinese cabbage and Brussels sprouts belong to the Brassica family mainly play an important role in curing diseases like stroke, atherosclerosis, diabetes, cancer, aging and arthritis (Blasa et al., 2010) . These vegetables are consumed as salads and sauerkraut around the world, whereas Chinese cabbage (Brassica rapa L. ssp. pekinensis), mainly used in the preparation of kimchi in Korea. Chinese cabbage is a good source for many biologically active metabolites such as glucosinolates (GSLs), isothiocyanates, carotenoids, phenolic acids, amino acids vitamins, and flavonoids. The phytochemicals present in the Chinese cabbage are acts as antioxidant, anticancer and antibacterial properties (Lee et al., 2014) . GSLs are secondary metabolites contain a glucose and an amino acid molecule in the side group, according to which they are classified as aliphatic, aromatic or indolic types (Clarke 2010) . When disruption of the plant tissues, GSLs present in the plants are breakdown by the hydrolytic myrosinases (β-thioglucoside glucohydrolases, EC 3.2.3.1) to release glucose, sulfate and an unstable thiohydroximate-O-sulfonate intermediate, which produce isothiocyanates, thiocyanates, nitriles, epithionitriles or oxazolidine-2-thiones depending on the reaction conditions. Isothiocyanates are the important group of breakdown products of GSLs were mainly used to treat different types of cancer, particularly colon, bladder, and lung cancer (Cartea et al., 2008 Park et al., 2013) . In general, vegetables are purchased from a local market or immediately after harvesting from the farm are stored at 4-8 °C in a refrigerator or at ambient temperature for up to a week. The bioactive nutrient contents were varied depending temperature and the duration of the storage and (Kelly et al., 1998) . The aim of this study was to investigate the effects of cold storage on GSLs in Chinese cabbage.
materials and methods

Chemicals
Methanol (MeOH) acetonitrile (CH3CN) and were obtained from J.T. Baker Chemical Co. (Phillipsburg, NJ,
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Online ISSN: 2454-4787 Table 2 . Glucosinolate contents (µmol /g dry wt.) in the Chinese cabbage (n = 3). b RT (retention time).
c The international organization for standardization (ISO 9167-1, 1992) a No., the elution order of glucosinolates from HPLC chromatograms in Fig. 1 .
b ND, not detected. Table 1 . Peak No. 1, progoitrin; 2, sinigrin; 3, gluconapoleiferin; 4, gluconapin; 5, 4-hydroxyglucobrassicin; 6, glucocochlearin; 7, glucobrassicanapin; 8, glucobrassicin; 9, 4-methoxyglucobrassicin; 10, gluconasturtiin; 11, neoglucobrasscin. 40 USA). DEAE-Sephadex A-25, sinigrin (2-propenyl GSL) and aryl sulfatase (type H-1, EC 3.1.6.1) were purchased from Sigma-Aldrich (St. Louis, MO, USA).
Plant materials
The seeds were sown in 72-hold plastic tray and after three weeks, the seedlings having 5 or 6 leaves were transplanted in the experimental field containing 3,000 C, 10 min), the supernatant was immediately transferred to a clean test tube, and the residue was further re-extracted twice to complete extraction of GSLs. Separately 0.5 mg of sinigrin was dissolved in 5 mL distilled water which used as an external standard (0.001792 µmole) (Fig.1) . DEAE anion exchange column was used for the desulfation of the crude extracts. The colum was made by inoculating a slurry of Sephadex A-25 which was activated with 0.5 M sodium acetate (ca. 40 mg as dry matrix), whereas desulfation of sinigrin (external standard) was carried out separately in an DEAE anion exchange column. After that the column was washed with ultra-pure water 1 mL (× 2 times) to remove neutral and positive ions. Aryl sulfatase (E.C.3.1.6.1) (75 µL) was carefully applied onto each column and incubate at room temperature for 16-20 h. Further, the samples were collected using 0.5 mL water and filtered using the sterile filter disc for the quantification by using HPLC. The collected samples were stored in the refrigerator for further analysis.
Separation and identification of glucosinolates
DS-GSLs were analyzed by 1200 series HPLC system (Agilent Technologies, CA, USA). The HPLC analysis was carried out with a flow rate of 1.0 mL/min at a column oven temperature of 40 oC and a wavelength of 227 nm. The solvent system employed was (A) ultra-pure water (PURELAB Option-Q, ELGA) and (B) 100% acetonitrile. The solvent program was used as follows: 0 min to 2 min solvent B 0%, 7 min solvent B 10 %, then kept constant at solvent B 31% for 16 to 19 min, and then kept constant at solvent B 0% for 10 min (total 40 min). The individual GSLs were quantified with the external standard sinigrin with their HPLC area and response factor (ISO 9167-1, 1992). For the identification of the individual GSLs, the MS analysis was carried out with an ESI interface operated in the positive ion mode (Lee et al., 2014) . In this study, all the samples were designated as GSLs even though DS-GSLs were determined.
Statistical analysis
The quantification of GSLs from each samples were carried out in three replications. Excel 2007 was used for the calculation of the mean and standard deviation.
Results and discussion
High performance liquid chromatography (HPLC) analyses of Chinese cabbage are shown in figure-2. Eleven GSLs including six aliphatic GSLs (progoitrin, sinigrin, gluconapoleiferin, gluconapin, glucocochlearin and glucobrassicanapin), four indolyl GSLs (4-hydroxyglucobrassicin, glucobrassicin, 4-methoxyglucobrassicin and neoglucobrasscin) and one aromatic GSLs gluconasturtiin were eluted and separated individually in HPLC chromatogram based on the retention time. Each peaks and retention time were coincides with the previous report (Lee et al., 2014) .
The results showed that 4-methoxyglucobrassicin documented the highest content [6.05 μmol/g dry weight (DW)] contributed 46 % of the total GSLs, followed by neoglucobrasscin (3.32 μmol/g DW), whereas, the aliphatic GSLs accounted 1.04 μmol/g DW. In the course of prolonged storage in refrigerator; reduction in the content of GSLs occurred. The content of total GSLs was comparatively reduced from 0 (13.09 μmol/g DW) to 72 h (7.51 μmol/g DW) storage and slightly increased at 96 h (10.3 μmol/g DW). Results revealed that after 72h, the content of aliphatic GSLs was decreased 64% and indolyl GSLs such as glucobrassicin and 4-methoxyglucobrassicin amounts were significantly reduced to 57 and 48% respectively, confirmed the degradation of GSLs during cold storage. Verkerk et al., 1997, reported that, indolyl GSLs are highly sensitive to storage conditions than the aliphatic or aromatic GSLs. Reversely, after 96 h incubation in the cold storage, the content of total GSLs and individual GSLs (10.30 μmol/g DW) were marginally increased suggested that the degraded GSLs components may directed for the synthesis of GSLs. Similarly, Hansen et al., 1995 reported that, storage of Brassica vegetables stored at 10 °C increased 42% of total GSLs content, and aliphatic GSLs such as glucoraphanin and glucoiberin. In this report, the storage of Chinese cabbage for 72 h had comparatively lesser total and individual GSLs which were contrary to the report of Rodrigues and Rosa (1999).
Conclusion
In conclusion, the identified individual GSLs have different degradation properties to the cold storage, especially; aliphatic GSLs were more stable than the indolyl GSLs in Chinese cabbage.
Conflict of interest statement
We declare that we have no conflict of interest.
